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(54) Electronic audio signal processing device 



(57) An electronic audio signal processing device 
comprises 

a first DAC (4) for converting a first digital audio 
signal into an analog signal, first and second output ter- 
minals (11, 12) for outputting said analog signal, a de- 
tector (1 0) for detecting whether a sound generating de- 
vice is connected to the first output temnlnal (11) or not, 



a control unit (9) for setting a characteristic of the analog 
signal to a predetennined value according to whether a 
sound generating device is detected at the first output 
temninal (11 ) or not, and a switch (8) for disabling output 
of the analog signal by the second output terminal (12) 
when a sound output device is detected to be connected 
to the first output temninal (11). 
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Description 

[0001] The present invention relates to an electronic 
device for processing a digital audio signal, such as a 
player/recorder for CD's, DVDs or other types of digital 
storage media. 

[0002] Such an electronic device is known e.g. from 
JP 8-088 892 A. This prior art device has a digital/ana- 
log-converter (DAC) for converting a digital audio signal 
into an analog signal, first and second output temninals 
outputting said analog signal to sound generating devic- 
es, a detector for detecting whether a sound generating 
device is connected to the first output terminal or not 
and a control circuit for setting the power of the analog 
signal to a predetemnined value according to whether a 
sound generating device is detected at the first output 
terminal or not. 

[0003] If sound generating devices are simultaneous- 
' ly connected to both output terminals, the output power 
from the DAC is not adequate for the device connected 
to the second output temninal. 
[0004] Accordingly, if a user connects a device to the 
second output temiinai while another is connected to the 
first, and If this output power is higher than adequate, 
the resulting noise may startle or even cause pain to the 
user. 

[0005] Conversely, if this output power is lower than 
adequate, and if the user adapts the volume of sound 
to his likings while sound generating devices are con- 
nected to both output terminals, there is a risk of an ex- 
cessive volume being output once the second output 
terminal is disconnected. 

[0006] This problem might be avoided if analog sig- 
nals having different power levels could be supplied si- 
multaneously to both output connectors. There are var- 
ious ways for doing so, but all have their drawbacks. 
One is to provide a dedicated DAC for each output ter- 
minal. In this way, an excellent quality of sound repro- 
duction is achieved, but this solution is rather expensive 
and consumes much space on a circuit board. Another 
is to insert a potentiometer between the output of the 
single DAC and one of the output terminals. Such a po- 
tentiometer must be accessible for setting it, thus im- 
posing constraints on the position of circuit components 
on a board, a knob for setting it may be necessary, and 
it is a source of noise. Furthennore, this solution implies 
the additional cost of the potentiometer. 
[0007] The object of the invention is, therefore, to pro- 
vide an electronic audio signal processing device having 
two output terminals for connecting different types of 
sound generating devices, capable of controlling the 
power of an analog output signal according to whether 
a sound generating device Is connected to one of the 
output terminals or not, in which there is no risk of an 
excessive volume being output when a sound generat- 
ing device has been connected or disconnected, which 
is inexpensive and achieves a high fidelity of reproduc- 
tion. 



[0008] This object is achieved by an electronic device 
according to claim 1 . 

[0009] The analog signal thus generated can be a mo- 
no or stereo signal. 

5 [001 0] If there are two sound generating devices con- 
nected to the two output terminals of this device, the de- 
tector will detect the device connected to the first output 
terminal, preferably the headphone, and the sound gen- 
erating device connected to the second output terminal, 

10 In general the loudspeakers, will be muted by the switch. 
Thus, it Is no longer necessary to disconnect the sound 
generating device from the second terminal. 
[001 1] By providing two output tenmlnals for the ana- 
log output signal from a single DAC, and setting a char- 

is acteristic of this analog signal according to the sound 
generating device detected, the DAC can be put to a 
double use, and the cost of the device can be reduced 
relative to a signal processing device requiring a dedi- 
cated DAC for each of its output terminals. 

20 [0012] According to a preferred embodiment, the 
characteristic thus set Is the amplitude of the analog sig- 
nal, i.e. the volume. Altematively or additionally, also 
spectral characteristics of the analog signal might be set 
according to the sound generating device detected. 

25 [001 3] Preferably, the first DAC has a reference input 
for inputting a reference signal, the level of which is to 
be set by a user, and the amplitude of the analog output 
signal delivered by the first DAC is proportional to the 
level of said reference signal. In this way, control of vol- 

30 ume is possible directly at the DAC. 

[0014] According to a preferred embodiment, the de- 
vice further comprises at least one second DAC for con- 
verting at least one second digital audio signal into an 
analog signal, a third output terminal for outputting said 

35 analog signal, said first and second digital signals fomi- 
ing a set of digital signals for simultaneous reproduction, 
and the switch is muted to disable output from each third 
output temninal, too, when a sound generating device is 
detected to be connected to the first output terminal. 

40 [001 5] An electronic device of this type is particularly 
adapted for processing a so-called Surround signal. 
Such a signal is composed of up to six individual signal 
components referred to as Front L, Front R, Center, 
Subwoofer, Surround L and Surround R, each of which 

45 Is to be output by one loudspeaker and requires a spe- 
cific DAC for converting. If one of these DACs Is used 
for generating an analog signal for output by a head- 
phone, the loudspeaker corresponding to this DAC can 
no longer be supplied with the appropriate signal, so that 

50 the set of Surround signal components becomes incom- 
plete. Under these circumstances, generating no sound 
at all at the loudspeakers is preferable over outputting 
a "mutilated" Surround signal. 

[0016] If the electronic device is for processing a Sur- 
55 round signal one might simply choose a dominant com- 
ponent of this multi-component signal such as the Front 
L or Front R signals for supplying them to the head- 
phones in appropriately analog-converted form. In order 
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to increase the fidelity of the headphone signal, It is pref- 
erable, however, that the device comprises a digital sig- 
nal transformation circuit for converting the Surround 
signal components into a conventional stereo signal and 
to supply this stereo signal to the first DAC for conver- 
sion and to apply the thus converted signal to the head- 
phone. 

[001 7] Further features and advantages of the inven- 
tion become apparent from the following description tak- 
en in conjunction with the accompanying drawing. 
[0018] Figs. 1 to 3 each show a blocl( diagram of an 

electronic device according to various embodiments of 
the present invention. 

[0019] The device shown in Fig. 1 has an input termi- 
nal 1 to which a digital storage device such as a DVD 
drive, not shown, is connected. From the storage de- 
vice, the input terminal 1 receives a digital audio Sur- 
round signal comprising six digital component signals, 
namely "Front Left", "Front Righf, "Surround Left", "Sur- 
round Righr , "Center" and "Subwoofer''. Three DACs 2, 
3, 4 have their inputs connected to the input terminal 1 . 
Each of them receives two components of the Input sig- 
nal, namely "Surround Left", "Surround Right" in case 
of DAC 2, "Center" and "Subwoofer" in case of DAC 3 
and "Front Left" and "Front Right" In case of DAC 4. 
Each of the DACs 2, 3, 4 has two outputs for outputting 
an analog-converted signal derived from the two digital 
component signals it receives. 
[0020] The outputs of DAC 4 are connected to a first 
output terminal 11 via a pair of amplifiers 7\ and they 
are connected to a second output terminal 12 via a pair 
of amplifiers 7 and a pair of switches 8. The outputs of 
DACs 2, 3 are connected to third output temiinals 12' 
via a pair of amplifiers 7 and switches 8. 
[0021] The state of each switch 8, open or closed, is 
governed by a control unit 9 according to detection re- 
sults of a detector 10. This detector 10 is located at a 
first output terminal 11 for detecting whether a head- 
phone jack (not shown) Is Inserted in tenminal 11 or not. 
[0022] if no headphone jack Is detected by detector 
10, the control unit 9 concludes that there is no head- 
phone connected and holds the switches 8 of DACs 2, 
3, 4 closed, so that the amplified output signals of these 
DACs are present at the second and third output termi- 
nals 12, 12', respectively. If a headphone jack is detect- 
ed, the control unit 9 opens all switches 8, thus disabling 
the second and third output tenninals 12, 12'. 
[0023] Each of the DACs 2, 3, 4 has a reference level 
Input for receiving a reference signal defining the output 
voltage range of the DACs. Reference level inputs of 
DACs 2, 3, 4 are connected to a same reference level 
output of control unit 9 via line 14. This line 14 may be 
a dedicated line on which only the reference signal is 
transmitted. If so, the reference signal can be an analog 
signal that is held at a first level by the control unit 9 
whenever a headphone jack is detected by detector 10, 
and is held at a second level when no headphone jack 
Is detected. One or both of these levels can be fixed. 



can be set by a manufacturer, or, preferably, can be set 
by a user operating on input means, not shown, of the 
control unit 9. The levels may be settable independently 
from one another, so that a listener can arbitrarily assign 

5 a value for both of them, or they may be in a certain 
proportional relationship, so that when the user speci- 
fies one of these, the control unit obtains the other by 
multiplying with a certain factor. The factor is selected 
such that the volume experienced by a listener using 

^0 headphones will be approximately the same as the vol- 
ume experienced when using loudspeakers. Thus, 
there is no need for a listener to adjust the volume of the 
device when switching from loudspeakers to a head- 
phone and vice versa. Of course, the factor may also be 

^5 settable by a user. 

[0024] Alternatively, the line 14 may be part of a bus 
on which control infonnatton Is exchanged between the 
control unit 9 and the DACs. In that case the reference 
signal is digital and can assume two values that can be 

20 stored in a memory of control unit 9 and can be fixed or 
settable as described above. 
[0025] In the above embodiment, the analog signal 
available at the first output terminal comprises the Front 
Left and Front Right components of the Surround signal. 

25 [0026] A second embodiment is shown in Fig. 2. Com- 
ponents of this embodiment that are identical with those 
of the first embodiment described above are assigned 
the same reference numerals and are not described 
again. 

30 [0027] A digital signal transfomnation circuit 5 has its 
input connected to input tenninal 1 . The transfomnation 
circuit 5 receives all component signals of the Surround . 
signal, and it mixes these to form a conventional digital 
stereo signal referred to as the "Downmix" signal which 

35 is supplied to a further DAC 6. The DAC 6 Is identical In 
design to DACs 2, 3, 4. Its two outputs provide a con- 
ventional analog stereo signal derived from the "Down- 
mix" signal. 

[0028] The outputs of DAC 6 are connected to first in- 
40 puts of a multiplexer 15. Second Inputs of multiplexer 

15 receive the "Front Left" and "Front Right" component 
signals of the digital Surround signal. The multiplexer 
15 is controlled by control unit 9 to forward the "Front 
Left" and "Front Righf component signals to DAC 4 
45 when no headphone jack is detected by detector 1 0. Un- 
der these circumstances, all six component signals of 
the Surround signal are present at the output terminals 
12 and 12'. 

[0029] If a headphone jack is detected to be present 
50 at the first output terminal 11, the digital stereo signal 
from signal transfomnation circuit 5 is forwarded to DAC 
4. in this case, the output terminals 12, 12' are all disa- 
bled by switches 8, and an analog-converted conven- 
tional stereo signal is present at the first output terminal 
55 11. 

[0030] A third embodiment of the invention is shown 
in Fig. 3. it comprises all components of the second em- 
bodiment and, in addition, a further DAC 6 connected to 
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the output of signal transformation circuit 5 and supply- 
ing a conventional analog stereo signal to a fourth output 
terminal '13 via amplifiers 7 and switches 8'. These 
switches 8' may be ccntrololed by control unit 9 in the 
same way as switches 8 of the first and second tenninals 
12, 12' or Independently from these. 



Claims 

1 . An electronic device comprising 

a first DAC (4) for converting a first digital audio 
signal into an analog signal, 
first and second output tenninals (11, 12) for 
outputting said analog signal, 
a detector (10) for detecting whether a sound 
generating device is connected to the first out- 
put tenninai (11) or not, 
a control unit (9) for setting a characteristic of 
the analog signal to one of two predetermined 
values according to whether a sound generat- 
ing device Is detected at the first output temilnal 
(11) or not, 

characterized in that the device further comprises 
a switch (8) for disabling output of the analog signal 
by the second output tenninai (12) when a sound 
output device is detected to be connected to the first 
output terminal (11). 

2. An electronic device according to claim 1 , wherein 
the first output terminal (11) is a headphone output 
tenninai and wherein the second output terminal 
(12) is a loudspeaker output tenninai. 

3. An electronic device according to claim 1 or 2, 
wherein the characteristic is the power or the am- 
plitude of the analog output signal. 

4. An electronic device according to one of the preced- 
ing claims, wherein the first DAC (4) has a reference 
Input for receiving a reference signal from the con- 
trol unit (9), the reference signal being capable of 
assuming one of two values according to whether 
a sound output device is detected to be connected 
to the first output tenninai (11) or not, and wherein 
the characteristic of the analog output signal deliv- 
ered by the first DAC (4) is proportional to the level 
of said reference signal. 

5. An electronic device according to claim 4, wherein 
at least one of said two values of the reference sig- 
nal is user-settabte. 

6. An electronic device according to one of the preced- 
ing claims, comprising at least one second DAC (2, 
3) for converting a second digital audio signal into 



10 



15 



an analog signal , a third output tenninai ( 1 2') for out- 
putting each of said analog signals, said first and 
second digital signals forming a set of digital signals 
for simultaneous reproduction, wherein the switch 
(8) is adapted to disable output from said third out- 
put tenninai (12') when a sound generating device 
is detected to be connected to the first output ter- 
minal (11) 

7. An electronic device according to claim 6, wherein 
the set of digital signals is a Surround signal. 

8. An electronic device according to claim 6 or 7, com- 
prising a digital signal transformation circuit (5) for 
mixing said second digital signal to said first digital 
signal supplied to said first DAC (4) when a sound 
output device is detected to be connected to the first 
output tenninai (11). 
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